###### Key questions

What is already known about this topic?
=======================================

-   Taking maternity leave has been previously associated with longer breastfeeding duration, better diet and caring practices, which may all benefit child growth.

-   Access to longer paid maternity leave is also found to increase vaccinations and lower infant mortality.

-   However, no study has assessed the effect of maternity leave policy on child nutrition, and on the policy potential to improve nutritional status generally.

What are the new findings?
==========================

-   This study is the first, to our knowledge, to estimate the impact of an increase in the weeks of legislated paid maternity leave on children's nutritional outcomes.

-   Among low-income and middle-income countries, our quasiexperimental study does not provide evidence that legislating an increase from an average of 8.6 to 14.0 additional weeks of paid leave has an effect on child growth.

Recommendations for policy
==========================

-   Although our study did not find an effect, the evidence to date suggests that there are multiple pathways through which longer paid maternity leave could improve child nutrition outcomes.

-   Future studies exploiting similar natural experiments based on policy changes, studying longer/greater coverage and the effects of multiple simultaneous interventions can provide a more comprehensive picture of the link between maternity leave and early childhood growth.

Introduction {#s1}
============

In 2013, 161 million children under 5 years old were estimated to be stunted.[@R1] Stunting refers to low height-for-age and is a key indicator of inadequate child nutrition used by the WHO. Young children suffering from poor growth due to inadequate nutrition (as measured by low height-for-age) may have negative short-term and long-term outcomes, including increased susceptibility to disease, lower school achievement and hindered long-term economic productivity.[@R2] In contrast to wasting, or low weight-for-height, stunting is a result of cumulative malnutrition rather than fluctuations in weight associated with season or illness.[@R6] That millions of children remain afflicted is of particular public health interest because inadequate height-for-age outcomes are largely preventable.[@R7] Current evidence supports individual-level interventions towards this end, but the literature has remained sparse for population-level intervention, despite its potential effect on several pathways influencing child growth.

Interventions such as education and supplementation programme have shown promise to improve growth outcomes. Bhutta *et al*'s[@R8] review summarises support for interventions that influence child nutrition outcomes, including counselling to promote exclusive breast feeding until 6 months of age and dietary diversity beyond 6 months of age. Generally positive but inconsistent results also suggest that improved sanitation practices, nutrition education and nutrient supplementation interventions[@R9] can improve child growth. While these types of interventions may be targeted or population-level, the latter have the potential for a broad impact on underlying barriers to improved health. For instance, removal of user fees to access health services increases coverage of child health interventions.[@R13] However, the quantity and quality of evidence on specific policy strategies to improve child growth outcomes are low.[@R8]

Legislated paid maternity leave is another intervention with the potential to support better height-for-age outcomes, through several possible mechanisms. First, women with longer maternity leave are more likely to breast feed,[@R14] leading to better growth outcomes. Up-to-date vaccinations[@R15] and uptake of formal prenatal care[@R16] also may increase with paid maternity leave, and subsequently improve growth. Finally, women are more likely to keep their jobs if offered maternity leave benefits,[@R17] although the effect of the additional income on height-for-age z scores in low-income and middle-income countries to date is inconclusive. Maternity leave is thus acknowledged as a potentially important policy tool because it may enable many practices that improve height-for-age outcomes.[@R18] However, in line with lack of evidence on policies for addressing child health, no study has directly assessed its effect on child malnutrition.[@R8] In this study, we use cross-country variation in the timing of maternity leave policy changes to estimate its effect on child height-for-age z scores in low-income and middle-income countries.

Methods {#s2}
=======

Design {#s2a}
------

Non-randomised population interventions such as policies that increase paid maternity leave are difficult to evaluate. The challenges relate to the lack of a control (or 'unexposed') group that is similar to an intervention (or 'exposed') group in all respects except for the intervention itself. Thus, any observed effect could be the result of particular characteristics of the exposed population, and/or other changes over time, rather than the intervention. To overcome these challenges, a difference-in-difference design is a useful approach to estimate a causal effect. Using this design, the changes in growth outcomes of children in treated (or exposed) countries before and after a legislated reform to their paid maternity leave policy are compared with corresponding changes among children in control (or unexposed) countries that did not reform their maternity leave policy. Assuming countries that did not change their policy are a credible control group, a difference-in-difference design enables estimation of a causal effect of paid maternity leave policy on child height-for-age z score.

Sample {#s2b}
------

Our sample was constructed from the Demographic and Health Surveys (DHS). These surveys use a two-stage cluster sampling design to collect comparable information on demographic, socioeconomic, nutritional, behavioural, fertility and health characteristics from a nationally representative sample of households in low-income and middle-income countries. Standardised tools, techniques and training of interviewers are used to ensure comparability of surveys across countries and survey waves. As part of the survey, information is collected on women of reproductive age (15--49 years), men (usually aged 15--54 or 15--59) and children 4 years of age and under. Further details regarding the DHS are available elsewhere.[@R19] The Institutional Review Board of McGill University reviewed and approved this project.

Our sample consisted of 583 227 children whose height and age were reported across 135 surveys from 37 DHS countries. The sampling frame included children under 5 years of age who were alive at the time of survey, and born between 1996 and 2014 (inclusive). This restriction was applied because the earliest maternity leave policy information was available for 1995 and the latest was available for 2013. We thus included all available surveys for year 2000 or later that collected information on child nutrition as earlier surveys included children born before 1996 ([table 1](#T1){ref-type="table"}). Of the 820 473 live births across these surveys, 5507 occurred in 1995 as the children had not yet turned 5 at the time of interview in year 2000. These were excluded, leaving 814 966 children born between 1996 and 2014 eligible for inclusion. A further 231 769 (28%) children were excluded from the main analysis because of implausible height values (n=4376) or implausible age values (n=143) based on WHO growth standards,[@R20] missing height-for-age z score information (n=204 799) or values 'flagged' by DHS (n=22 421). As such, 583 227 children were included in the final analysis ([figure 1](#F1){ref-type="fig"}).

###### 

Sample description

  Country                                                DHS survey years                                                   Birth years available (minimum, maximum)   Sample size   Mean HAZ\* pre-2004   Mean HAZ\* 2004+   Mean maternity leave (weeks)
  ------------------------------------------------------ ------------------------------------------------------------------ ------------------------------------------ ------------- --------------------- ------------------ ------------------------------
  Control countries (countries without policy changes)                                                                                                                                                                        
  Armenia                                                2010, 2005, 2000                                                   1996, 2010                                 4034.0        −0.8                  −0.7               20.0
  Benin                                                  2012, 2006, 2011, 2001                                             1996, 2012                                 23 748.0      −1.7                  −1.5               14.0
  Bolivia                                                2003, 2004, 2008                                                   1998, 2008                                 16 847.0      −1.4                  −1.2               12.9
  Burkina Faso                                           2010, 2003                                                         1998, 2010                                 14 633.0      −1.6                  −1.4               14.0
  Cambodia                                               2000, 2005, 2010, 2006, 2011                                       1996, 2010                                 8837.0        −2.1                  −1.6               12.9
  Cameroon                                               2011, 2004                                                         1999, 2011                                 8216.0        −1.5                  −1.2               14.0
  Colombia                                               2010, 2004, 2009, 2005, 2000                                       1996, 2010                                 32 066.0      −1.0                  −0.8               12.0
  Congo                                                  2005, 2011, 2012                                                   2000, 2012                                 8368.0        −1.3                  −1.0               15.0
  Democratic Republic of Congo                           2013, 2014, 2007                                                   2002, 2014                                 11 324.0      −2.2                  −1.6               14.0
  Dominican Republic                                     2007, 2013, 2002                                                   1997, 2013                                 21 735.0      −0.6                  −0.4               12.0
  Egypt                                                  2008, 2005, 2000                                                   1996, 2008                                 30 858.0      −1.1                  −0.9               12.5
  Ethiopia                                               2011, 2000, 2005                                                   1996, 2011                                 21 504.0      −2.1                  −1.5               12.9
  Gabon                                                  2012, 2000, 2001                                                   1996, 2012                                 6709.0        −1.2                  −1.0               14.0
  Ghana                                                  2008, 2003                                                         1998, 2008                                 5467.0        −1.4                  −1.1               12.0
  Guinea                                                 2005, 2012                                                         2000, 2012                                 5687.0        −1.9                  −1.0               14.0
  Haiti                                                  2012, 2006, 2005, 2000                                             1996, 2012                                 11 437.0      −1.3                  −1.0               12.0
  Honduras                                               2006, 2012, 2011, 2005                                             2000, 2012                                 19 188.0      −1.7                  −1.2               12.0
  Jordan                                                 2012, 2007, 2002                                                   1997, 2012                                 15 554.0      −0.7                  −0.5               10.0
  Kenya                                                  2009, 2008, 2003                                                   1998, 2009                                 9818.0        −1.3                  −1.3               8.6
  Liberia                                                2007, 2013, 2006                                                   2002, 2013                                 7495.0        −1.9                  −1.3               12.9
  Madagascar                                             2009, 2004, 2008, 2003                                             1998, 2009                                 9295.0        −1.9                  −1.8               14.0
  Mali                                                   2006, 2013, 2012                                                   2001, 2013                                 15 091.0      −1.8                  −1.3               14.0
  Mozambique                                             2011, 2003, 2004                                                   1998, 2011                                 17 369.0      −1.8                  −1.6               8.6
  Namibia                                                2000, 2006, 2007                                                   1996, 2007                                 6566.0        −1.2                  −1.2               12.0
  Nepal                                                  2011, 2012, 2001, 2006, 2007, 2002                                 1996, 2012                                 13 766.0      −2.2                  −1.8               7.4
  Niger                                                  2012, 2006                                                         2001, 2012                                 8470.0        −2.4                  −1.6               14.0
  Nigeria                                                2013, 2008, 2003                                                   1998, 2013                                 47 797.0      −1.6                  −1.4               12.0
  Peru                                                   2000, 2008, 2006, 2011, 2012, 2004, 2007, 2009, 2010, 2005, 2003   1996, 2012                                 67 917.0      −1.5                  −1.2               12.9
  Rwanda                                                 2010, 2005, 2000, 2011                                             1996, 2011                                 13 527.0      −1.9                  −1.6               12.0
  Senegal                                                2010, 2011, 2005, 2014, 2012, 2013                                 2000, 2014                                 18 260.0      −1.2                  −1.0               14.0
  Sierra Leone                                           2013, 2008                                                         2003, 2013                                 6093.0        −1.6                  −1.3               12.0
  Tanzania                                               2004, 2010, 2005, 2009                                             1999, 2010                                 13 965.0      −2.0                  −1.5               12.0
  Controls summary†                                      −1.5                                                               −1.2                                       12.4                                                   
  Treated countries (countries with policy changes)                                                                                                                                                                           
  Bangladesh                                             2007, 2004, 2011                                                   1999, 2011                                 18 884.0      −2.0                  −1.6               13.6
  Lesotho                                                2010, 2004, 2009, 2005                                             1999, 2010                                 2996.0        −2.0                  −1.4               1.8
  Uganda                                                 2001, 2000, 2011, 2006                                             1996, 2011                                 9548.0        −1.8                  −1.4               6.8
  Zambia                                                 2001, 2013, 2007, 2002, 2014                                       1996, 2014                                 21 950.0      −2.0                  −1.6               14.9
  Zimbabwe                                               2011, 2010, 2006, 2005                                             2000, 2011                                 8208.0        −1.6                  −1.3               13.4
                                                         −1.9                                                               −1.5                                       11.3                                                   

\*Height-for-age z score.

†Means weighted by Demographic and Health Survey (DHS) weights.

![Sample size and exclusions. DHS, Demographic and Health Surveys.](bmjgh-2017-000294f01){#F1}

Measures {#s2c}
--------

Our primary outcome was height-for-age z score. At the time of interview, height in centimetres and weight in kilograms are measured for all children in the household under the age of 5. This information was converted to a z score based on the Child Growth Standards developed by the WHO. The z score reflects the difference between the child's height and the average height in the reference population in terms of SD. The units thus represent shifts in the population distribution of heights. The respondent, usually the mother, is also asked to report the child's birth year and month.

The exposure of interest was the legislated length of paid maternity leave benefits in the year prior to the child's birth. Data on current maternity leave policies for each sampled country were provided by the University of California, Los Angeles' World Legal Rights Data Centre, and then collected retrospectively to 1995 by McGill University's Maternal and Child Health Equity research programme. It was not possible to distinguish between leaves that could be taken before and after the birth. Further details regarding the collection and coding of global maternity leave policies are available elsewhere.[@R22]

Countries that were found to have reformed their maternity leave policies between 1995 and 2013 were considered 'treated' countries ([figure 2](#F2){ref-type="fig"}). These included Uganda, Zambia, Zimbabwe, Bangladesh and Lesotho. The 'control' countries were those that had at least two DHS surveys, but no maternity leave policy reform over the same time period (1995--2013). Malawi was excluded from the analysis because it changed policy the same year as its DHS survey was conducted, leaving the potential for exposure misclassification. The controls included 32 low-income and middle-income countries, as presented in [table 1](#T1){ref-type="table"}.

![Legislated maternity leave duration in countries that changed policies.](bmjgh-2017-000294f02){#F2}

We included predictors that had the potential to influence our exposure of paid maternity leave and affect children's height-for-age z scores. These characteristics were identified through a literature review. At the individual level, children's height-for-age z scores have been associated with maternal age at pregnancy,[@R8] maternal height,[@R23] family size and birth order.[@R24] Maternal education, rural versus urban residence and household wealth quintiles are also associated with children's height-for-age.[@R23] Additionally, we adjusted for birth month because the season may influence subsequent height-for-age z scores. The DHS contains information on these variables, and details are available in [table 2](#T2){ref-type="table"}.

###### 

Variables obtained from demographic and health surveys

  Variable                                         Description
  ------------------------------------------------ ----------------------------------------------------------------------------------------------------------------------------------------------------
  Primary outcome                                  
   Height-for-age z score                          Height in centimetres divided by weight in kilograms, converted to a z score
  Explanatory variables: pregnancy/birth history   
   Maternal age at pregnancy                       Logged maternal age in years at the time of childbirth
   Maternal height                                 Maternal height in centimetres
   Birth order number                              Number indicating order in which children were born
   Family size                                     Number of household members listed
   Birth month                                     Value 1--4 indicating groups of 3 months (eg, 1=January March)
  Explanatory variables: sociodemographic          
   Maternal education                              Literacy: indicator based on interviewer observation of mother's ability to write a sentence and/or attended primary schooling
   Rural/urban residence                           Indicator for urban versus rural residence
   Household wealth                                Quintile indicator based on composite index of asset ownership, that is, electricity, radio, television, refrigerator, bicycle, scooter, car[@R39]

At the country level, gross domestic product (GDP) per capita based on purchasing power parity, female labour force participation among women aged 15--64, total health expenditure (as a % GDP), per cent living in an urban environment, government effectiveness rating and per capita government health expenditure based on purchasing power parity may also be associated with countries' decisions to increase maternity leave, and child growth outcomes. These variables were extracted from World Bank's World Development Indicators and Global Development Finance databases.[@R25] All the variables used constant 2011 dollars. Per capita government health expenditure and total health expenditure as a per cent of GDP were not available for Zimbabwe so this country was excluded from the fully adjusted model, model 3. Trends in country characteristics are available in [table 3](#T3){ref-type="table"}.

###### 

Country-level characteristics for treated and control countries, 1996--2003

                                                            Birth year   1996     1997     1998     1999     2000     2001     2002     2003                                                                    
  --------------------------------------------------------- ------------ -------- -------- -------- -------- -------- -------- -------- -------- -------- -------- -------- -------- -------- -------- -------- --------
  GDP per capita (PPP)                                      Control      4968.0   4609.3   4903.2   4632.0   4847.1   4268.0   4135.7   3700.0   4117.9   3513.7   3677.8   2860.2   3531.5   2879.2   3802.3   2950.4
  Treated\*                                                 964.5        63.8     1501.5   605.5    1537.7   569.3    1552.3   478.0    1642.6   464.6    1921.4   472.3    1718.7   438.8    1753.2   394.7    
  \% Urban                                                  Control      41.1     24.2     40.7     24.3     43.3     24.0     41.9     22.6     43.2     22.2     42.0     20.7     41.8     19.8     44.4     20.0
  Treated                                                   11.8         1.3      22.2     12.0     23.2     11.9     22.6     9.8      23.2     8.8      27.0     8.0      23.9     8.4      25.1     8.3      
  Health expenditure per capita (PPP)                       Control      168.0    150.5    177.7    163.7    208.3    181.7    178.2    159.4    175.0    155.6    172.0    158.9    166.4    159.4    184.2    163.4
  Treated                                                   41.8         2.8      66.9     29.2     72.5     27.0     68.8     39.2     71.1     36.4     78.7     37.9     67.9     29.9     75.5     40.2     
  Health expenditure as a % GDP                             Control      5.1      1.5      5.2      1.5      5.5      1.5      5.4      1.3      5.1      1.3      5.4      1.3      5.4      1.4      5.5      1.4
  Treated                                                   6.9          0.1      6.2      0.6      6.1      0.4      5.6      1.8      5.7      1.9      5.5      2.0      5.7      2.4      5.5      2.3      
  \% Female aged 15--64 participating in the labour force   Control      58.5     20.1     59.2     21.0     57.1     21.4     62.2     20.3     63.2     19.8     61.5     20.0     60.5     19.4     59.1     20.0
  Treated                                                   82.9         0.4      79.4     3.9      79.1     3.8      73.1     10.1     71.1     9.9      69.6     8.7      70.2     10.3     69.6     10.3     

\*Countries that changed their maternity leave policy (Zambia, Bangladesh, Lesotho, Zimbabwe and Uganda).

GDP, gross domestic product; PPP, purchasing power parity.

Statistical analyses {#s2d}
--------------------

All analyses were completed in Stata V.13 and RStudio V.0.99.902 (RStudio Team, 2015, Integrated Development for R. RStudio, Boston, Massachusetts, USA). The full Stata code used to conduct the main analyses is available in online [supplementary file 1](#SP1){ref-type="supplementary-material"}: information document.
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Examination of pretreatment trends {#s2e}
----------------------------------

Our difference-in-difference design provides an unbiased estimate of the effect of paid maternity leave policies on height-for-age z score under the strong assumption that control countries represent the counterfactual postpolicy trend in treated countries had they not reformed their maternity leave policies (ie, assumption of 'parallel trends'). We examined whether this assumption was tenable by comparing trends in the distributions of our outcome and potential confounders in the period before 2004, the first year that the treated countries adopted a policy change. To compare the pretreatment trends, we employed both visual and statistical testing methods. First, we plotted the annual mean height-for-age z scores in treated versus control countries. Second, we used linear regression models to assess whether there was heterogeneity in the pretreatment height-for-age trends (ie, before 2004) for countries that did versus did not change their maternity leave policy.

Estimating the impact of maternity leave policies {#s2f}
-------------------------------------------------

For child *i* born in year *t* in country *c,* we estimated the effect of a 1-month increase in the duration of paid maternity leave, $M_{tc}$, on the height-for-age z score, $\ Y_{itc}$. We ran a series of nested multivariable linear regression models:

$$Y_{itc} = \backslash\alpha + \backslash\beta\text{*}M_{tc} + \lambda_{c} + \partial_{t} + \epsilon_{itc}$$

$$Y_{itc} = \backslash\alpha + \backslash\beta\text{*}M_{tc} + \sum\limits^{}\beta\text{*}X_{itc} + \lambda_{c} + \partial_{t} + \epsilon_{itc}$$

$$Y_{itc} = \backslash\alpha + \backslash\beta\text{*}M_{tc} + \sum\limits^{}\beta\text{*}X_{itc} + \sum\limits^{}\beta\text{*}L_{tc} + \lambda_{c} + \partial_{t} + \epsilon_{itc}$$

In the first model, we included fixed effects for country ($\lambda_{c}$) and birth year ($\partial_{t}$) to account for, respectively, unobserved time-invariant confounders that vary across countries, and any temporal trends in the height-for-age z score that are shared across countries. In model 2, we added controls for measured individual/household-level characteristics, represented by the vector $X_{itc}$. In model 3, we added controls for measured country-level confounders, denoted by the vector $L_{tc}$.

All analyses incorporated robust SEs to account for clustering at the country level, and included respondent-level sampling weights to account for individual survey sample designs. The appropriate weights were calculated as per DHS guidelines, using information on the number of women aged 15--49 in each survey year from the Population Division of the United Nations.[@R26] We applied the denormalisation of standard weights approach described in the DHS Sampling and Household Listing Manual.[@R27]

Sensitivity analysis {#s2g}
--------------------

We examined the robustness of our main findings through sensitivity analyses that involved modifying the exposure, outcome and inclusion criteria. With regard to the exposure, we assessed 'lead' and 'lag' effects, and used full-time equivalent (FTE) months of maternity leave. The first involved running additional models where the exposure was assigned as the maternity leave duration legislated in years after, and before, the child's birth. Assessing lead and lag effects can provide further support for the robustness of any observed effect because they indicate whether the policy effect persisted beyond the year of implementation, or whether any policy effect can be observed before the actual year of implementation. The second sensitivity analysis involved using the number of weeks of FTE maternity leave as our main exposure rather than absolute weeks of maternity leave to account for the wage replacement rate. The FTE variable was derived as the number of weeks of maternity leave multiplied by the wage replacement rate. With regard to the outcome, we ran additional models with the outcome measured by a binary stunting indicator (height-for-age z score \<−2) rather than a continuous score, and restricting analyses to children who were under 3 years.

Results {#s3}
=======

Sample description {#s3a}
------------------

The mean legislated paid maternity leave duration in control countries was 12.4 weeks (SD=1.82), although the value ranged from 7.4 to 20 weeks. Between 1995 and 2013, maternity leave policies changed in five countries. These were considered the 'treated countries' ([figure 1](#F1){ref-type="fig"}). In countries that changed their policies, the mean duration of legislated paid maternity leave prior to year 2004 was 8.6 weeks (SD=4.5). After 2004, the mean duration increased to 14.0 weeks (SD=3.7) ([figure 1](#F1){ref-type="fig"}).

Examination of pretreatment trends {#s3b}
----------------------------------

The weighted mean height-for-age z score in the pretreatment period was --1.47 (SD=1.57) in control countries compared with −1.91 (SD=1.44) in treated countries (ie, countries that changed their policies). Although there was a strong increasing trend in height-for-age z scores in treated and control countries over time, our descriptive analyses showed that this trend did not differ based on treatment status prior to maternity leave policy changes ([figure 3](#F3){ref-type="fig"}). An F-test for the joint significance of the effect of treatment status and birth year on the height-for-age z score in the pretreatment period suggested some heterogeneity (p\<0.00), but p values for the coefficients for the treatment status and birth year interaction term ranged from 0.22 to 0.93, depending on the year. Overall we did not find strong evidence that trends in height-for-age z scores differed between treated and control countries before the maternity leave policy changes.

![Trends in mean height-for-age z scores in control versus treated countries before the first year of maternity leave policy changes in 2004.](bmjgh-2017-000294f03){#F3}

Estimating the impact of maternity leave policies {#s3c}
-------------------------------------------------

After 2004 the weighted mean height-for-age z score increased to −1.21 (SD=1.68) in control countries and to −1.50 (SD=1.56) in treated countries, representing a mean increase of 0.26 and 0.41, respectively, with strong increasing trends up to 2013 in both groups ([figure 4](#F4){ref-type="fig"}). In the model including only fixed effects for country and time trends (model 1), we found little impact of an additional month of legislated paid maternity leave on height-for-age z score (B=−0.04; 95% CI −0.15 to 0.06). The estimate became stronger in magnitude, but less precise, when we included individual (model 2) and time-varying country-level (model 3) predictors. The fully adjusted model estimated the mean height-for-age z score to change by −0.08 (95% CI −0.20 to 0.04) for each additional month of paid maternity leave ([table 4](#T4){ref-type="table"}).

![Long-term trend in mean height-for-age z scores 1995--2014 (with Loess smoother).](bmjgh-2017-000294f04){#F4}

###### 

Main results from linear regression for the mean effect of a 1-month increase in legislated paid maternity leave on height-for-age z score

  --------------------------------------------------------------------------------
                             Model 1\*         Model 2†          Model 3‡
  -------------------------- ----------------- ----------------- -----------------
  Effect estimate (95% CI)   −0.04 \           −0.09\            −0.08\
                             (−0.15 to 0.06)   (−0.20 to 0.02)   (−0.20 to 0.04)

  --------------------------------------------------------------------------------

\*With fixed effects for country and birth year only.

†Model 1, with further adjustment for maternal age at pregnancy, maternal height, birth order number, family size, birth month, maternal education rural/urban residence and household wealth.

‡Model 2, with further adjustment for gross domestic product (GDP) per capita purchasing power parity, health expenditure per capita, health expenditure as a percentage of GDP, female labour force participation and per cent living in urban environments.

Sensitivity analysis {#s3d}
--------------------

The hypothesised lead and lag effects were not in a direction consistent with a robust policy effect. Our results also did not change when we restricted our sample to children under the age of 3 or used the number of FTE weeks of maternity leave as our main exposure ([table 5](#T5){ref-type="table"}). Additional post-hoc sensitivity analyses such as varying the control countries and allowing effect measure modification by baseline leave policy did not alter our conclusions (see online [supplementary file 2](#SP2){ref-type="supplementary-material"}: additional sensitivity analyses).

10.1136/bmjgh-2017-000294.supp2

###### 

Sensitivity analyses results

                                                                Effect estimate (95% CI)
  ------------------------------------------------------------- --------------------------
  Lead and lag effects\*                                        
   Lead t+2                                                     0.08 (0.00 to 0.12)
   Lead t+1                                                     0.08 (0.00 to 0.20)
   Concurrent t                                                 0.08 (−0.04 to 0.24)
   Lagged t−1 (main analysis)                                   −0.08 (−0.20 to 0.04)
   Lagged t−2                                                   −0.08 (−0.24 to 0.04)
  Additional sensitivity analyses                               
   Restrict to under age 3 only                                 0.06 (−0.05 to 0.17)
   Using stunting indicator                                     −0.01 (−0.04 to 0.07)
   Using maternity leave full-time equivalent as the exposure   −0.02 (−0.12 to 0.07)

\*t refers to the child's year of birth. For example, t+1 means the exposure assigned to the subject was the legislated maternity leave in the year *after* the child's birth. The main exposure was t−1.

Discussion {#s4}
==========

We found limited evidence that extending legislated paid maternity leave from an average of 8.6 to 14.0 weeks increases young children's height-for-age z scores in low-income and middle-income countries. Our findings are in contrast to those from studies of the effect of paid maternity leave on outcomes measured closer to birth, but in line with some other studies of longer term child health outcomes in higher income settings.[@R28] This study was conducted in the context of a strong increase in child height-for-age z scores across all countries between 1996 and 2013.

Other work found that increased paid maternity leave was associated with lower infant mortality[@R30] and increased vaccination uptake[@R15] in low-income and middle-income countries, which are outcomes measured closer to birth. The difference in our findings could be a result of later exposures over-riding earlier benefits of paid maternity leave for children, so that effects attenuate or disappear over time. Further, the mechanisms linking maternity leave to child growth are likely not the same as for infant mortality and vaccination uptake. For instance, vaccination uptake often depends on reaching clinics, which may not be enabled by maternity leave. Finally, on average the paid maternity leave durations in our study were less than 6 months, which is too short to enable mothers to breast feed exclusively for 6 months.[@R31] Combined with lowered income during leave, these policies may not allow parents to address adequate water, sanitation and dietary needs.[@R32]

The strong increasing trend in height-for-age z scores across the board could also make isolating the independent effect of maternity policies difficult. In both treated and control groups, we observed a marked increase in height-for-age z scores over the study period, which could overshadow any modest effect of paid maternity leave. Positive trends in child height-for-age z scores between 1990 and 2010 are consistently observed,[@R33] but they have not generally been explained. Macro forces such as improved income and healthcare access may have driven the observed shifts in the population distribution of height-for-age z scores,[@R34] although the weak association between per-head GDP and stunting outcomes also suggests the need for targeted programmes.[@R36] Maternity leave policies are a national approach, but may not be designed to reach the informal economy, which limits accessibility to people with particularly poor outcomes. This potential gap suggests a need to study maternity leave policies' specific formulation and their effects in combination with other drivers.

At the same time, across countries (including in Europe), height-for-age z score is already below or just hovers the standard mean of 0 at birth, and continues to falter everywhere until around 24 months of age, suggesting some intrauterine programming.[@R37] The rate of decline in height-for-age z score could thus potentially represent an alternate important health outcome if repeat measurements on young children were available. Given the drawn-out timing of growth faltering, more work on the point at which intervention is effective might also reveal the relative importance of prenatal versus postnatal maternity leave, a distinction our policy database does not make.

Several caveats should be noted. Most of the maternity leave policies in our sample are relatively short. We would have been unable to capture any association if higher leave duration or pay is required to improve nutrition. To obtain unbiased results, our study design also assumes that no other factors changed over the same time period as the policy changes that we observed. Recommendations for mothers with HIV over the same time period to limit breast feeding,[@R38] for instance, may have affected our results if the primary mechanism of impact is through breast feeding, and rates differed between control and treated countries. Second, the study design was meant to identify a mean population effect on nutrition outcomes, so it is possible that the policy did not reach enough women to observe a population effect. For instance, the policies may not be accessible to the most vulnerable women in the informal economy. However we adjusted for several characteristics that could predict women's uptake of maternity leave policies, as described in the Methods section.

Conclusion {#s5}
==========

We found little evidence that recent changes extending legislated paid maternity leave by an average of 5 weeks have affected young children's' mean height-for-age z scores in low-income and middle-income countries, controlling for social and economic factors. This study provides the first rigorous evidence on the impact of maternity leave on height-for-age z scores in low-income and middle-income countries. Future studies examining policies legislating longer maternity leave durations with strong coverage, alternative nutritional status indicators and combined policies and programmes may reveal further insight into this question.
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